INTRODUCTION {#sec1-1}
============

Noncontrast magnetic resonance (MR) myelography is a noninvasive technique that can provide anatomic information about the subarachnoid space. Major advantages over conventional radiographic myelography include the lack of ionizing radiation, the avoidance of lumbar puncture/intrathecal contrast material.\[[@ref9]\] This study was designed to determine whether single-slice MR myelography would improve the interpretation and diagnostic yield of magnetic resonance imaging (MRI) of the spine.

MATERIALS AND METHODS {#sec1-2}
=====================

In 2013, 100 patients with back pain or spinal radicular symptoms and abnormal MRI findings were referred for evaluation. All patients had initial sagittal T1-weighted (T1-W) and T2-weighted (T2-W) scans, followed by axial T2-W images with a 1.5 T MRI scanner (Siemens MAGNETOM Avanto 1.5 Tesla MRI system) using a phased array spine coil. Subsequently a heavily T2-W half-Fourier acquisition single-shot turbo spin-echo (HASTE) single slice MR myelogram sequence with a field of view (FOV) of 280-300 mm and slab thickness of 50 mm, TR-8000, TE-1000 was acquired in each case in coronal and sagittal planes. High resolution thin T2-W images were acquired in specific pathologies.

Four reviewers of MR myelography {#sec2-1}
--------------------------------

The MR and MR myelogram images (sagittal and axial planes) were initially evaluated by a radiologist and subsequently, independently, by a neurologist, neurosurgeon, and spine surgeon who all graded the findings based on a 4-point scale \[[Table 1](#T1){ref-type="table"}\]. Statistical analysis was done using intraclass correlation coefficient (*P* = 0.000), using SPSS (version 11.5).
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RESULTS {#sec1-3}
=======

Distribution of pathology {#sec2-2}
-------------------------

Among the 100 cases, there were 53 cases of degenerative spine or disc disease, 14 of space occupying lesions, 13 of congenital lesions, 7 of infective pathology, 4 of spinal cord trauma (4%), and other conditions \[[Table 2](#T2){ref-type="table"}\].

###### 

Distribution of cases

![](SNI-5-523-g002)

Observer grading {#sec2-3}
----------------

The observers found that the inherent advantage of MR myelogram is the vital three-dimensional (3D) overview it provides. The distribution of grading score among the observers is tabulated in [Table 3](#T3){ref-type="table"}. All the four observers graded the utility of MR myelogram as grade 2 in 48-74% cases. The MR myelogram contributed some additional information, which is essential for diagnosis (grade 3) in up to 30% cases. In none of the pathologies did the grading reach grade 4, except in two cases, as graded by the neurologist \[[Table 3](#T3){ref-type="table"}\]. The intraclass correlation coefficient showed good overall agreement \[[Table 4](#T4){ref-type="table"}\] between the observers.

###### 

Distribution of grading score among the observers
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###### 

Agreement between observers
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DISCUSSION {#sec1-4}
==========

Based on slice selection, two techniques are currently in use: Multi-slice MR myelography and single-slice MR myelography. Single-slice MR myelography is performed using a single thick slice and requires no postprocessing and provides a projection image with excellent suppression of background signals.\[[@ref5]\] Single-slice MR myelography yields extremely heavy T2-W HASTE sequence images with excellent signal contrast, high spatial resolution and less artifact arising from cerebrospinal fluid (CSF) flow than seen on multi-slice MR myelography.

Single-slice MR myelography provides a fluoroscopic view similar to that of a conventional radiographic myelogram. Single-slice MR myelography can provide an overview of the thecal sac, even in the presence of a spinal block due to spinal stenosis or intrathecal adhesion, which results in a myelographic block on radiographic or CT myelography.\[[@ref14]\]

Multi-slice MR myelography requires a relatively long imaging time. The image quality is often degraded by artifacts arising from CSFs pulsatile flow and background signal contributed by fat or paravertebral veins. Reconstructed images created using maximum intensity projection can obscure small intrathecal structures that are surrounded by hyperintense CSF.\[[@ref7][@ref8][@ref9][@ref11]\]

Because its imaging time is much shorter than that of multi-slice techniques, single-slice MR myelography can be readily added to a routine MR examination of the spine.

Single slice MR myelography is advantageous in documenting multiple pathologies. Similar studies performed on the subject have depicted a wide variety of pathologies of the spine represented exquisitely on the MR myelogram sequences establishing its role as a valuable sequence.\[[@ref1][@ref12]\]

A pictorial essay representation of the various pathologies seen in our collection of MR myelograms are presented below. Thecal sac filled with CSF shows markedly high signal intensity, whereas intrathecal structures such as spinal cord, nerve roots, and vessels are imaged as filling defects outlined by hyperintense CSF, whose margins appear smooth and clear \[[Figure 1](#F1){ref-type="fig"}\]. They readily demonstrate conjoined nerve root and perineural or Tarlov\'s cysts \[[Figure 2](#F2){ref-type="fig"}\]. Congenital lesions, such as meningocoeles, dural ectasia, diastematomyelia, syrinx, dermal sinuses, and complex syrinxes, and arterio-venous malformation (AVM) \[[Figure 3](#F3){ref-type="fig"}\], intramedullary cord tumors and spinal stenosis, and pseudomeningocele \[Figures [4](#F4){ref-type="fig"}--[6](#F6){ref-type="fig"}\], were well delineated in this sequence. Other pathologies, such as chronic inflammatory demyelinating disease (CIDP) \[[Figure 7](#F7){ref-type="fig"}\], infections (e.g, tuberculosis \[TB\], pyogenic spondylo-discitis), scoliosis, extraspinal disease, and collections \[Figures [8](#F8){ref-type="fig"}-[10](#F10){ref-type="fig"}\], were detectable.

![Coronal MR myelograms images of the cervical (a-i) and thoracic (a-ii) and lumbar (a-iii) spinal canals, which show nerve roots and vessels are imaged as filling defects (white arrows) outlined by hyperintense cerebrospinal fluid, whose margins appear smooth and clear. For comparison, conventional myelograms of the cervical thecal sac from the archives are displayed (b-i and b-ii)](SNI-5-523-g005){#F1}

![Coronal MR myelograms images (a-i, a-ii) shows perineural or Tarlov\'s cyst, which appear as cystic dilatation of proximal nerve root sleeve (white arrows); axial T2 section of the same level (a-iii, a-iv) shows the cyst as saccular hyperintense structure beside the thecal sac. Coronal MR myelogram images (b-i, b-ii) shows Conjoined nerve roots (white arrows) in a 39-year-old patient and Cystic dilatation of nerve root sleeves in 74-year-old female](SNI-5-523-g006){#F2}

![Coronal MR myelograms (a-i, a-ii) show engorged vascular channels as sepentine filling defects overlying the cord in thoracolumbar region also confirmed on sagittal T2 and axial T2 (a-iii) suggesting spinal arterio-venous malformation. Coronal MR myelogram (b-i) shows first look detection of dural ectasia in lumbosacral region with diastematomyelia in a 22-year-old female (b-ii, b-iii). Coronal and sagittal MR myelograms show simultaneous first look detection of syrinx with thinning of cord at cervicothoracic level confirmed at the sagittal T2 (c-iii white arrows) in a 55-year-old. Coronal MR myelograms show blunting of the conus (d-i, d-ii) in a patient of caudal regression syndrome (d-iii, d-iv)](SNI-5-523-g007){#F3}

![Coronal and sagittal myelography (a-i, a-ii) shows simultaneous first look impression of an intramedullary and intradural mass in the cervicothoracic region; which is confirmed on conventional MRI imaging (white arrows a-iii) as an enhancing fat containing intramedullary lesion suggesting dermoid. Coronal MR myelogram (b-i, b-ii) shows well defined intradural and extramedullary lesion at mid thoracic level on left side in a 55-year-old female confirmed as showing intense enhancement displacing cord right antero laterally and significantly compressing it at the T7-T8 level (white arrows). For comparison, a conventional myelogram from the archives shows IDEM. Coronal MR myelogram (c-i, c-ii) shows extradural lesion at mid thoracic level on left side and conventional sequences show uniformly enhancing extradural lesion (ciii, c-iv) showing restriction on DWI (c-v, c-vi) -- Lymphoma in a 52-year-old male](SNI-5-523-g008){#F4}

![Coronal MR myelogram (a) shows degenerative spinal stenosis with redundant nerve roots in 74-year-old male as extrinisic impressions. Disc disease is shown on the sagittal T2 image (b). Coronal MR myelogram (c) shows single disc level disease compressing on the roots (d) as seen also on the axial T2 image in a 50-year-old patient](SNI-5-523-g009){#F5}

![Coronal MR myelography (a) raises suspicion of pseudomeningocele as abnormal areas (white arrows), which are depicted as a tubular or oval cystic mass protruding from the thecal sac into the neural foramen extending into the paravertebral space (coronal T2 and axial T2 images -- b, c)](SNI-5-523-g010){#F6}

![Coronal MR myelograms (a-c) showing predominantly extradural spinal nerve root thickening confirmed on the postcontrast coronal (d and f), sagittal (e) suggesting chronic inflammatory demyelinating disease](SNI-5-523-g011){#F7}

![Coronal MR myelogram shows extrinsic compression on thecal sac (a) due to spondylodiscitis of tuberculosis (b, c)](SNI-5-523-g012){#F8}

![Coronal thick slab MR myelogram (a, b) displays the entire cord and thecal sac in one plane and gives a dimensional view. Conventional sagittal (c) and coronal images (d) do not display the entire spinal canal in a single plane unless technically corrected and fused](SNI-5-523-g013){#F9}

![Coronal MR thick slabs incidentally demonstrate extra spinal findings like perinephric collections (a), pleural effusions (b), ovarian cysts (c) and hydronephrosis](SNI-5-523-g014){#F10}

Magnetic resonance myelography provides a visual impression in evaluation of cervical and lumbar spondylosis.\[[@ref2][@ref3][@ref15]\] Redundant nerve roots associated with severe spinal stenosis may be seen as tortuous, elongated nerve roots proximal to the block in the lumbar region.\[[@ref10]\]

Conjoined nerve roots, syringohydromyelia, intraspinal AVM, caudal regression and posttraumatic nerve root injuries, were typical examples where the MR myelography scored highly on the diagnostic utility scale and it had tremendous impact on the final diagnosis. MRI has generally replaced CT myelography as the primary diagnostic tool because of its noninvasiveness, less time and resource intensive, and because there is no exposure to ionizing radiation.\[[@ref1][@ref5][@ref12][@ref13]\] Although the findings of single-slice MR myelography such as intrathecal abnormal filling defects and contour abnormalities of thecal sac margin may not be specific, but when combined with conventional MR images they can help characterize and diagnose the lesions specifically.

Limitations {#sec2-4}
-----------

The degree of the spinal stenosis can be over-estimated on single-slice MR myelography because of relatively low signal-to-noise ratio. These images are of limited value for lateral and far lateral disc protrusions, disc impressions at the L5-S1 level and delineation of foraminal nerve root impingement \[[Figure 11](#F11){ref-type="fig"}\].

![Limitation of MR myelography. Lateral and far lateral disc protrusions (a) are underestimated on the MR myelography and L5-S1 (b-d) disc impressions are underestimated](SNI-5-523-g015){#F11}

In more recent studies, 3D MR myelography has been compared with radionuclide cisternography, and has been found useful in CSF leaks and reserved only for equivocal cases.\[[@ref16]\] High resolution CT myelograms\[[@ref4]\] have been employed to detect CSF leaks, which is a limitation of MR myelograms. 3D MR myelograms using fusion technique and volumetry have been studied and are found comparable to the gold standard, that is, postmyelography CT.\[[@ref6]\]

CONCLUSION {#sec1-5}
==========

Single-slice MR myelography is a noninvasive method requiring neither lumbar puncture nor contrast medium, contributes an additional 50-74% of information toward establishing a diagnosis, while providing essential diagnostic information in 8-30% cases. It requires only an additional 6-8 s, and can therefore be performed even in busy imaging centers.
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